Among these three areas, the dry deposition fluxes were highest at Mailiao, followed by Lunbei, and the lowest at Taisi. The scavenging ratios (S tot ) of total-PCDD/Fs-WHO 2005 -TEQ in Yunlin were 14,600, 13,800 and 13,300 in 2014, 2015 and 2016, respectively, and with an average of 13,900. The scavenging ratios (S tot ) indicated a distinctive seasonal variation, and the values in spring, summer, autumn and winter were 13,700, 6,330, 12,100 and 23,500 in Yunlin, respectively. This is due to the fact that a higher temperature will cause more fraction of PCDD/Fs in the gas phase in summer and the gas phase scavenging ratio is less than that of particle phase. The results of this work provide useful information for both further studies and environmental control strategies aimed at persistent organic compounds (POPs).
INTRODUCTION
Air pollutants, such as particulate matter (PM), heavy metals and dioxins, are mainly generated from combustion processes and adversely affect human health ( In this study, the levels of PM 2.5 and PCDD/Fs in the ambient air were measured and modeled in a coastal area of Central Taiwan. In addition, both atmospheric dry and wet depositions of PCDD/Fs were investigated and discussed.
MATERIAL AND METHOD

Sample Collection
Yunlin county is located in a coastal area of central Taiwan and has a humid subtropical climate, with an annual average temperature of 22.0°C and an annual precipitation of 1,500 mm. In this study, six sampling sites in Yunlin were chosen to detect the concentrations of 17 PCDD/Fs congeners in ambient air, and the air samples were collected using a PS-1 sampler (Graseby Andersen, GA) according to the revised U.S. EPA Reference Method TO-9A. The sampling flow rate was specified at around 0.225 m 3 min -1 , and each sample was collected continuously on three consecutive days. The PS-1 sampler was equipped with a quartz fiber filter for sampling particle phase PCDD/Fs, followed by a glass cartridge packed with PUF and XAD-2 for sampling the gas-phase PCDD/Fs. A known amount of surrogate standard was spiked in the glass cartridge in the laboratory before sampling. To ensure that the collected samples were free of contamination, one field blank was always taken with each sampling. In addition, three townships (Lunbei, Mailiao and Taisi) were selected to model the atmospheric total PCDD/F concentrations using the metalogical data, which was collected from a local air quality station. The locations of sample sites and the air quality information are shown in Fig. 1 . Fig. 1 . Sampling sites at Lunbei, Mailiao and Taisi, the red boxes represent the three air quality station, and the circles represent the air sampling sites in Yunlin.
Analysis of PCDD/Fs
Analysis of ambient air samples for PCDD/Fs was performed according to the U.S. EPA Reference Method TO-9A. All chemical analyses were measured in the Super Micro Mass Research and Technology Centre of the Cheng Shiu University, which has passed international intercalibration standards tests for PCDD/Fs in fly ash, sediment, mother's milk, human blood, and cod liver. Each sample was spiked with a known amount of the internal standard. After being extracted for 24 hours, the extract was concentrated, treated with concentrated sulfuric acid, and then subjected to a series of sample cleanup and fractionation procedures. Sample cleanup was done using an acidic silicagel column, an alumina column, and an activated carbon column. Consequently, the elute was concentrated to around 1 mL and then transferred to a vial, and further concentrated to near dryness with a nitrogen stream. Before analyzing PCDD/Fs, the standard solution was added into the sample to ensure recovery during the analysis process (Shih et al., 2006) . High-resolution gas chromatographs/high-resolution mass spectrometers (HRGC/HRMS) were used for PCDD/F analysis. The HRGC (Hewlett-Packard 6970 Series gas, CA) was equipped with a DB-5 fused silica capillary column (L = 60 m, ID = 0.25 mm, film thickness = 0.25 µm) (J&W Scientific, CA) with a splitless injection, while the HRMS (Micromass Autospec Ultima, Manchester, UK) had a positive electron impact (EI+) source. The analyzer mode of the selected ion monitoring was used with the resolving power set at 10,000. The electron energy and source temperature were specified at 35 eV and 250°C, respectively. The oven temperature program was set as follows: initially at 150°C (held for 1 min), then increased by 30 °C min -1 to 220°C (held for 12 min), and finally increased by 1.5 °C min -1 to 310°C (held for 20 min). Helium was used as the carrier gas. The protocol for quality analysis/quality control was strictly followed (Wang and Lee, 2010).
Gas-Particle Partitioning
Gaseous and particulate concentrations of PCDD/Fs were determined by using the gas-particle partitioning fraction multiplied by the total concentrations of PCDD/Fs. The gas-particle partitioning was simulated using an equation, proposed by several researchers, that successfully describes the gas-particle partitioning constant (Yamasaki et al., 1982; Pankow, 1987; Pankow and Bidleman, 1991, 1992) : 
Atmospheric Dry Deposition of PCDD/Fs
The atmospheric dry deposition flux of PCDD/Fs is a combination of both gas-and particle-phase fluxes, which are given by: (1996) and used by Lee et al. (1996) is also used here to calculate the PCDD/F dry deposition flux contributed by its gas phase. Dry deposition of particle-phase PCDD/Fs is mainly achieved by gravitational settling, and the dry deposition velocity of particle-phase PCDD/Fs, V d,p , can be calculated by Eq. (4).
Scavenging Ratio
For slightly soluble trace organic compounds, such as PCDD/Fs, it is commonly thought that equilibrium partitioning occurs between the compound in the gas phase and a falling rain drop (Ligocki et al., 1985a, b) . The scavenging ratio is defined as the concentration of the pollutant in the raindrop divided by the concentration in the surrounding air during precipitation. The gas scavenging ratio, S g , can be estimated by: ). On the other hand, particle scavenging largely depends on meteorological factors and particle characteristics. The gas scavenging ratio is a ratio of the concentration of the dissolved phase in the raindrop divided by the concentrations of the gas phase in the air, S g , and can be calculated by:
S g : the gas scavenging ratio of PCDD/Fs (dimensionless); C rain,dis : the dissolved-phase concentration of PCDD/Fs in the raindrop; C g : the concentration of PCDD/Fs in the gas phase. The particle scavenging ratio is a ratio of the concentration of the particle phase in the raindrop divided by the concentrations of the particle phase in the air, S p , and can be calculated by:
where S p : the particle scavenging ratio of PCDD/Fs (dimensionless); C rain,particle : the particle-phase concentration of PCDD/Fs in the raindrop; C p : the concentration of PCDD/Fs in the particle phase. Total scavenging via precipitation is the sum of gas and particle scavenging, S tot , and can be calculated by:
S tot : the total scavenging ratio of PCDD/Fs (dimensionless); Φ: the fraction of the total concentration bound to particles. Because of a lack of measured data for the particle scavenging ratios of PCDD/Fs, the S p (S p was 42,000) values of OCDD and OCDF measured by Eitzer and Hites (1989) were averaged and used here.
Wet Deposition
Wet deposition is the removal of particles in the atmosphere by precipitation (rainfall and cloud droplets), and precipitation scavenging accounts for the majority of removing PCDD/Fs from the atmosphere by wet deposition (Huang, 2011) . The wet deposition flux of PCDD/Fs is a combination of both vapor dissolution into rain and removal of suspended particulates by precipitation (Bidleman, 1988; Koester and Hites, 1992) .
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